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portant role in the integrity, development,
growth and spread of many types of tumors.
Various hormones, by influencing the me-
tabolism of the connective tissue, can control
the growth of tumors of cctodermal as well as
of mesodermal origin. Adrenocortical steroids
have been shown to influence epidermal tumors
induced by painting mouse skin with carcino-
genic hydrocarbons by altering the tumor bed
(1).
Many contributions have been devoted to
the hypothesis that changes in the extracellular
connective tissue environment is a necessary
and primary stage in tumor genesis and growth
(2). All available studies on connective tissue
changes and their meaning in carcinogenesis
concern chiefly skin malignancy induced by
carcinogenic hydrocarbons. The most important
of these contributions deal with changes in the
organized extracellular portion (collagenous
and elastic fibers) and in the mast cells. The
data on changes in the dermal connective tissue
during skin carcinogenesis are, however, very
scanty. Orr's (3) and Ma's (4) observations
on the change of the structurally organized
portion concern only the morphological changes
in collagen and elastic fibers and quantitative
variations in both the components. Gillman's
(5) studies on altered collagen (elastotic de-
generation) give a tinctorial description rather
than a strictly histochemical one. No informa-
tion is available on the behavior of the muco-
polysaccharide component during skin car-
cinogenesis. A great number of experimental
contributions have provided evidence towards a
close relationship between the organized pro-
tein portion of the connective tissue and cell
growth. Much attention has been directed to
the significance of mucopolysaccharides in
fibrilogenesis and in some collagenous degenera-
tive processes. The possibility of a mucopoly-
saccharide change during preneoplastic growth
is justified by the fact that mucopolysaccharides
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DOCA produces significantly opposite tis-
sue effects to those of cortisone (7, 33, 34).
This study of experimental epidermal carcino-
genesis was initiated with the background of
the alteration produced by DOCA in the der-
mal connective tissue. The investigation re-
ported in this paper describes in detail the
exact role of DOCA during 20-Methylcholan-
threne carcinogenesis in Swiss albino mice kept
under different experimental conditions.
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The connective tissue stroma plays an im- are present in many processes of cell growth
Eighty-two Swiss albino mice were divided in
the following 4 groups:
Group I.—Methylcholanthrene (MCA) control.
Twelve animals (6 males and 6 females) were sub-
jected to topical abdominal painting with 0.25%
MCA dissolved in thiophene free benzene twice
weekly. Two male and 2 female animals were
painted with thiophene-free benzene to serve as
littermate controls.
Group JI.—MCA + saline. Twelve animals (4
male and 8 female) were painted with 0.25% MCA
for 2½ months biweekly and then were given
physiological saline injections (0.2 ml) biweekly.
Two male and 4 female served as benzene controls.
MCA painting and saline injections were con-
tinued throughout the experimental period.
Group III.—(MCA + DOCA post-treatment).
Twenty animals (10 male and 10 female) were
painted biweekly with 0.25% MCA for 2½ months
and then given 1 mgm of 1% DOCA in physio-
logical saline per injection twice weekly. There-
after MCA painting and DOCA injections were
continued throughout the duration of the experi-
ment. Two male and 2 female animals served as
benzene controls.
Group IV.—(DOCA pre-treatment + MCA).
Twenty animals (10 male and 10 female) were first
sensitized with 5 mgm. and 10 mgm. of 1% DOCA
in physiological saline and then subjected to MCA
painting. DOCA injections and MCA paintings
were continued twice a week throughout the ex-
perimental period. Two male and 2 female animals
served as benzene controls.
Control and experimental animals were sacri-
ficed at different intervals of time ranging from 13
to 26 weeks by ether anesthesia. The treated skin
tissue was collected in 10% buffered neutral for—
malin of Lillie. After 24—72 hours' fixation, the
treated skin tissuc was divided into 4 longitudinal
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parallel portions to be able to assess lateral as well
as downward spread of malignancy.
6 M thick serial paraffin sections were stained
with routine hematoxylin and eosin and differential
stains for connective tissue (7). Histochemical
technics used for identification of acid mucopoly-
saccharides were PAS, Alcian blue and Toluidine
blue.
RESULTS
In all the 4 groups the tumor induced was
a well differentiated squamous carcinoma.
Administration of DOCA did not affect tumor
incidence nor the lateral spread of malignancy.
In group I (MCA + control) all 12 animals
showed a well differentiated squamous cell
carcinoma. Frank malignancy was found in all
4 segments in 7 out of 12 animals. Hyperplasia
associated with squamous carcinoma was seen
in 5 out of 12 aminals. In group II (MCA +
saline) 11 out of 12 animals developed a
squamous carcinoma. Two animals showed
papillomatous growth in one Segment and an
early squamous cancer in the adjacent Seg-
ment. Three out of 12 animals showed hypcr-
plaSia associated with squamous cancer. Frank
malignancy in all 4 segments was seen in 7 out
of 12 animals. In group III MCA + DOCA
post-treatment, 9 out of 20 animals showed a
well-developed squamous carcinoma in all 4
segments. Nine animals showed hypcrplasia
associated with squamous carcinoma. One ani-
mal showed only a papillomatous outgrowth
while the remaining one showed hyperplasia
and atypia of cells in all 4 segments with no
malignant change. In group IV (pretreatment
with DOCA + MCA) 13 out of 20 animals
showed a well differentiated squamous cell car-
cinoma in all segments. Six animals showed
Squamous cancer associated with hyperplaSia
while only one animal developed a papilloma
in one Segment along with Squamous cancer in
the adjacent segment (Table 2).
MicroScopic observation of the individual
cancers of the l\'ICA treated skin in the first
three groups showed a classical pattern of in-
vasive spread in all the experimental animals.
An added dermal alteration in animals in
groups II, III and IV receiving either saline
alone or DOCA injections was excessive sub-
mucosal spongy edema. In animals treated with
DOCA before and after start of MCA paintings
(groups III and IV) there was marked difference
in pattern of tumor growth. The tumors in
animals in DOCA post-treatment group, while
spreading into the deeper layers of the dermis,
were limited by thick connective tissue bands.
There was spongy edema and moderate
amounts of hyper- and parakeratosis (Fig. 1).
An emphatically altered behavior of the tumors
was Seen in the fourth group however, where
all 24 animals were preaensitized with S mgm
and 10 mgm of 1% DOCA and then painted
biweekly with MCA. The Striking change in
these tumors was their tendency to grow up-
ward. The downward Spread of malignant cells
was confined to the upper dermis, while 19
out of 20 tumors showed formation of cords of
malignant cells in the upward direction. This
unusual pattern was accompanied by massive
hyper- and parakeratoSis (Fig. 2). The cellular
pattern of tumor growth have been described
in the earlier paper (5).
Simultaneous to malignant changes in the
epidermis the connective tissue also showed
alterations. Changes in the fibrous components
of the dermis were studied by Mallory's tn-
chrome, PTAH, Weigert's resorcin fuchsin and
silver impregnation according to Gomori. In
the course of all the 4 experiments it was ob-
Served that progressive changes occurred
starting from the outermost layers and ex-
tending deeply into the whole dermis. The fibrous
bundles first broke into big clumps, split longi-
tudinally and later into fragments. The dermis
was rarified. These changes extended still deeper
with the duration of the experiment. The der-
mis was completely altered by the time tumors
appeared. Collagen in the papillary layer ap-
peared, finely fragmented and rarefied, whereas
in the deeper layers it was aggregated into big
clumps after prolonged treatment. The fiber
fragments stained uneven blue with Mallory's
trichrome and uneven orange with Mallory's
PTAH, in all areas where the collagen altera-
tion was extensive.
Mallory's trichrome gave a very clear insight
into the morphology of these changes. En-
meShed in the big fragments, a very thin and
more delicate finer fibril network was observed.
The most interesting finding was the modified
tinctorial affinity. It was acquired by the
collagen fibers in the whole thickness of the
dermis.
Table 1 shows changes in the connective tis-
sues in all 4 groups of Swiss albino mice treated
only with 20 MCA. and with 20 MCA and
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Fro. 1. Section of abdominal skin of experimental Swiss albino mouse painted topically
with 0.25% MCA in thiophene free benzene for 21 weeks and given 25 subcutaneous in-jections of 1% DOCA in normal physiological saline shows a wcll differentiated squamous
cancer invading the dermis. Numerous horny epithelial pearls are present (H & E; x 46).
Fro. 2. Section of abdominal skin of experimental Swiss albino mouse pretreated with
DOCA and then painted topically with 0.25% MCA in thiophene free benzene and during
painting post-treated with subcutaneous injections of 1% DOCA in normal physiological
saline. High magnification picture shows squamous cancer with a tendency to upward
migration with associated massive hyper- and parakeratosis. Much dissociation of cells
is evident. Dermis wherever seen is edematous and shows a massive inflammatory exudate
(H & E; >< 46).
DOCA. In the MCA pilot group, 9 out of 12
animals showed uneven staining with Mallory's
triehrome and PTAH while 3 animals showed
altered red, blue and orange-purple staining
with these two stains (Figs. 3 & 4). In the
MCA plus saline group, S out of 12 animals
showed uneven staining while 4 animals showed
altered staining. In the DOCA post treatment
group 19 out of 20 animals showed uneven
staining while only 1 animal showed altered
staining with ehromophobic areas. Twelve out
of 20 animals showed uneven staining while S
out of 20 animals showed altered staining in
the group pretreated with DOCA. Remarkably
- 1,
'3-
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TABLE 1
Summary of connective tissue alterations in four groups of Swiss albino mice treated with 20 MC'A / or DOC.4
S.C.—Solvent Control. E —Experimental.
consistent results were obtained, with Weigert's
resorcin fuchsin stain showing considerable in-
crease in resorcin positive granules, bits, frag-
ments and strands of elastica in all the experi-
mental animals (Figs. 5, 6).
DISCUSSION
Orr's (3) experiment on connective tissue
changes during carcinogenesis constitutes the
first systematic example of the study of tumor
histogenesis. iDoderlein (9) found collagen
changes after 14 days and fragmentation of
elastic network after 3 months in the surface
layers of the dermis during carcinogenesis.
Bierich (10) observed an increase in the elastic
component following tar application. Borghi
(11) observed a dissociation of the connective
tissue fibers in the tarred ear of rabbits. Guld-
berg (12) remarked on the early and gradual
Incr. stain.—Increased staining.
increase of the dermal collagenous fibrils not
always associated with changes in the elastic
tissue. Lesions of dermal fibers in pre-neoplastic
stages were described on human biopsy mate-
rial and given a pathogenic significance by
Vernoni (13). He observed lesions of the collag-
enous and elastic tissues in the areas under-
lying the pre-neoplastic epithelial proliferation,
the collagenous component losing its distinct
structure and coalescing into an amorphous
mass which stained with elastin dyes. He
claimed that dermal changes played a major
part in tumor genesis. The dermal change ap-
pears to be primary. The material derived from
the altered collagen seems to be a substance
exerting a positive trophism on the overlying
epithelium which being attracted by it, invades
the dermis. At this stage the epithelial cells are
already proliferating but still normal. In the
Experimental Group
Total Number
of Animals
Differential stains for connective tissue
Mallory's trichrome and PTAH Weigert's
Control ErnXIj
-.—-—
Total
Normal
S.C. E
Uneven
S.C. E
Altered
S.C. E.
Normal
S.C. E. S.C. E.
1. 0.25% 20-MCA in thiophene
free benzene—local ap-
plication on abdominal
skin
Pilot Study
4 12 16 3 — 1 9 — 3 4 — — 12
2. 0.25% 20-MCA & subcu-
taneous injections of
physiological saline
(8—19)
Saline Control
6 12 18 5 — — 8 1 4 5 — 1 12
3. 25% 20-MCA & subcutane-
ous injections of DOCA
(9—29 mgm.)
Post-treatment
4 20 24 2 — 2 19 — 1 4 — — 20
4. 0.25% 20-MCA & subcu-
taneous injections of
DOCA (37—50 mgm.)
Pre -treatment
4 20 24 3 — 1 12 — 8 4 — — 20
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TABLE 2
Summary of epidermal changes in painting 0.25% MCA on abdominal skin of Swiss albino mice treated
by subcutaneous injections of DOCA in saline/pre- and post-start of painting
Group
Number of animals Epidermal
changes Lateral spread in four segments
Control Total Hyper-piasia
Papil-
loma
Ilyper-
plasia
Sq. Ca.
Papil-loma
Sq. Ca.
Sq. Ca.
in all
segments
Massive
hyper &
para-K
Tendency
1. Pilot 0.25% 20-MCA
13—26 weeks
4 12 16 0/12 — 5/12 — 7/12 —
2. 0.25% 20-MCA & phy. sa-
line injections
15—20 weeks
8—19 injections
6 12 18 — 1/12 3/12 1/12 7/12 —
3. 0.25%20-MCA & post-treat-
ment with I)OCA in sa-
line
14—23 weeks
9—29 injections
4 20 24 1/20 1/20 9/20 — 9/20 — —
4, Pre-treatment with I)OCA
in saline (10 and 5 mgms.)
and 0.25% 20-MCA
15—21 weeks
37—50 injections
4 20 24 0/20 0/20 6/20 1/20 13/20 19/20 19/20
Sq. Ca.—Squamous Carcinoma. Hyper- & Parakeratosis—Hyper- and Parakeratosis.
next stage hyperplastic epithelial cells evolve to
malignancy on being transferred to a new en-
vironment and under changed trophic conditions
and tissue inter-relations. Such an interpreta-
tion remains a speculative one, but the hypoth-
esis that the connective tissue lesion is of
primary importance in the subsequent genesis
of cancers has received considerable experimen-
tal development (14, 15). Orr (3) deduced that
the connective tissue changes are antecedent
to epithelial changes. His observations are
purely morphological. Later on using the tech-
nic of Thirsch's transplantations, Billingham,
et al (16, 17), Marchant and Orr (18, 19) sup-
ported the hypothesis that i skin carcino-
genesis the primary change develops in the
dermis and not in the epidermis. In this connec-
tion, the hypothesis of Gillman et al (20—23)
ahould be mentioned. The neoplasms develop
from the epithelial spurs invading the hair
follicles during carcinogenesis, and lying on an
altered dermal papilla which is no longer ca-
pable of hair formation, would evolve in the
direction of malignancy. This theory has found
support from other workers also (24—28).
While the role of connective tissue in neoplasia
remains controversial, the present results
demonstrate that the application of carcino-
genic hydrocarbons to the epidermal surface
produces distinct changes in the dermal con-
nective tissue, even prior to malignant altera-
tion of the epidermal cells.
Unna (29) described the staining reactions
of connective tissue fibers in injured and aged
skin. He found that trauma or ageing induces
changes in the fibers which were reflected in
their response to classical differential stains for
normal collagen and elastica. It is rewarding
to examine the staining reactions shown by
connective tissue fibers of the dermis in ani-
mals treated with carcinogen and DOCA (Table
1). Mallory's trichrome and PTAH reveal
normal collagen, abnormal collagen which is
faint staining or completely chromophobic, and
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FIG. 3. Section of abdominal skin of experimental Swiss albino moase painted topically
with 025% MCA in thiophene free bensene for 23 weeks and given 29 subcutaneous in-jections of 1% DOCA in normal physiological saline, shows collagen fibers stained from
pale to intense in color (Mallory's trichrome; >< 220).
Fio. 4. Section of abdominal skin of control Swiss albino mouse pretreated with 10 mg
of 1% DOCA in normal physiological saline and then painted topically with thiophene
free benzene for 16 weeks and given 35 mg of DOCA subcutaneously during painting.
Picture shows pale to intense orange uneven staining. Occasional collagen fiber shows
fully purple or purple-orange staining (PTAH; >< 220).
coarse purple and purple-orange staiuing fibers.
Areas of refractile eosinophilic hyalinization in
the dermis stain as purple amorphous pools
with PTAH and red blue with trichrome.
However, there is considerable increase in the
resorein-positive granules, bits, fragments and
strands of elastica in all 4 experimental groups
of Swiss albino mice. This increase is specific
only to MCA-treated skin, and is absent in
the skin treated only with DOCA (7). The
alteration of collagen suggests the presence of
an elastotic or pseudo-elastic change as de-
scribed by Giliman and his group (5) on the
basis of staining reactions. Such altered stroma
found in a number of induced and natural dis-
ease states shows fibrinoid-like staining of the
collagen, in addition to much increase in resor-
em-positive staining, thickened fibers, bits and
1,
 
flW
J 
2l
a'
La
va
,a
 
EFFECT OF DOCA ON INDUCED SKIN CANCER 337
Fxo. 5. Section of abdominal skin of experimental Swiss albino mouse painted topically
with 025% MCA in tbiopbene free benzcne for 20 weeks. Picture shows considerable in-
crease in resorcin positive fibers, granules, bits and fragments (Wcigcrt's rcsorcin fuchsin;
X 440).
Fio. 6. Section of abdominal skin of experimental Swiss albino mouse painted topically
with 025% MCA in thiophene free bcnzene for 19 weeks and given 17 subcutaneous in-jections of normal physiological saline. Picture shows considerable increase in resorcin
positive fibers, bits and granules (Weigert's rcsorcin fuchsin; X 440).
granules. This rcsorcin-positive material also
resembles the dual structure of elastin in the
electron microscope and is digested by elastase
at both pH ranges. This alteration of collagen
to pseudoelastie state has been described in
submucous fibrosis of the palate (30) dermis
of buman epidermal cancer (31) localized
seleroderma (32).
The spongy edematous thickening of the
dermis is mainly due to the excess of water in
the subentis, brought abont by injections of
saline in the group II and DOCA in group III
and IV.
The relation of inflammation to cancer is a
problem of great theoretical and practical im-
portance. Primary inflammatory reaction takes
place in respoose to various forms of irritation
and injury and to many foreign factors intro-
duced in the body. Such a reaction when
present is particularly marked in the subcutis.
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TABLE 3
Summary of reactions to histochemical stains for acid invcopolysaccharides in four groups of mice treated
with MCA and/or DOCA
Group
Total
painting
Totalf Histochemical stains for acid mucopolysaccharidesAlcian blue
+ -
Metachrornasia
+ -
.
acid-Schifi
+ -
3 1
6 6
1. MCA—Pilot Control (4)
Experimental (12)
13—26 — 1
7
3
5
—
8
4
4
2. MCA & Saline injections
Control (6)
Experimental (12)
15—20 8—19
—
6
1
10
6
6
3
10
4
8
2
18
2
4
2
2
3
8
2
17
4
19
3
4
2
3
1
3. MCA & DOCA
Post-treatment
Control (4)
Experimental (20)
14—23 9—29
4. 1)OCA Pre-treatment & MCA
Control (4)
Experimental (20)
15—21 37—50
—
12
4
8
1
15
3
5
In this investigation, a massive mononuclear
exudate in the tumor stroma, as well as in the
surrounding dermis, was seen in all the induced
cancers even though all the classical aspects of
early response to tissue injury were absent.
The exudate consisted mainly of plasma cells,
lymphocytes with an occasional neutrophil and
eosinophil. Such a stromal reaction is very likely
an attempt on the part of the tissue to defend
itself against invading malignancy. DOCA by
itself does not cause acute and massive inflam-
mation (7). Only after injection trauma do
DOCA-injected animals show an inflammatory
exudate. Moderate amounts of mononuclear
exudate was found in the first two groups,
while in groups 3 and 4 there is a considerable
increase in the population of migratory cells.
This is no doubt due to the co-existing factor
of DOCA administration introduced along
with the subtle trauma of painting with methyl-
cholanthrene.
Very few reports are available on the be-
havior of the mucopolysaccharide components
during skin carcinogenesis (2). Much attention
has been directed to the significance of muco-
polysaccharides in fibrillogenesis and in some
collagenous degenerative processes. The possi-
bility of a mucopolysaccharide change during
preneoplastic growth is justified by the fact
that mucopolysaccharides are present in many
processes of cell growth (6).
Changes were revealed by histochemical
technics used for the visualization of acid muco-
polysaecharjdes. Table No. 3 shows the pres-
ence of positive staining with Aleian blue, as
well as PAS in animals in all 4 groups. Simi-
larly metachromasia with Toluidine blue is a
consistent feature in all experimental and con-
trol animals. In the groups III and IV in which
DOCA was administered, the degree of all the
three staining reactions is greater than in the
groups I and II. Hence it seems possible to con-
clude that the presence of metaehromasia and
increase in AB and PAS positive substance in
the tumor stroma as well as in the adjacent
dermis is due largely to the effect of injury
inflicted during benzene and MCA painting.
The increased positive reaction in the groups
III and IV could again be explained on the basis
that DOCA per se does increase the quantity of
the connective tissue intercellular substances
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indirectly, through its mediation on the fibro-
blasts turnover and metabolism.
SUMMARY
Microscopic observations of the squamous
cell cancers of skin showed marked difference
between animals treated with DOCA before and
after the application of MCA. The tumors oc-
curring in animals of the DOCA post-treat-
ment group showed characteristic limited
growth surrounded by thick connective tissue,
spongy edema and moderate amount of hyper-
and parakeratosis. The tumors in animals
whose skin was DOCA sensitized prior to
MCA paintings showed marked upward growth
of the neoplastic cells and massive hyper- and
parakeratosis.
The differential growth pattern of the tu-
mors in the DOCA-treated groups are corre-
lated with the dermal changes produced per se
by subcutaneous administration of DOCA
alone. The biological behavior of tumors in-
duced in these experiments is compared to
the invasive cancers found in cortisone treated
mouse skin.
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